Abstract-This paper presents the use of data acquisition (DAQ) device and LabVIEW program to evaluate and measure the pressure distribution for real-time robotic hand applications.
I.

I NTRODUCTION
Nowadays, the power and flexibility of most computers offer the possibilities to improve instrument control, data monitoring and industrial automation. In particular, control systems have an increasing importance in the development and advancement of modem civilization and technology, which leads to the automation of the entire process in the industries. However, this is not possible without the ability to examine data and extract useful information and hence high measurement accuracy is maintained. This developed technology is aiming at achieving low implementation cost and wide applications range. In this paper, the LabVIEW based DAQ system is used to evaluate and measure the pressure distribution which being used for real-time robotic hand control and automated applications.
Since the early days of robotics existence, the researchers dedicated their works to use the function of robot in our daily life. Comparing to the function of humans, the robot should be able to perform the given tasks as needed and to do that it is essential to equip a robot with various types of sensors. This sensory system is able to provide a feedback about physical touch between robot and environment objects. Through this information, when the robotic hand applications to be considered, the pressure distribution is a significantly important.
Robotic hands have been developed for using in different applications such as manufacturing industry [1] [2] [3] , military [4, 5] , space exploration [6, 7] , and medical applications [8, 9] . It 978-1-4799-5765-1/14/$31.00 ©2014 IEEE 80
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Engineering Academy Tajoura 30797 Tajoura, LIBYA 2 mabuitbel64@gmail.com, 4 sanom@upm.edu.my has been reported for instance, that the robotic hand equipped with pressure sensors used in robotic surgery which is a type of medical applications. This type of sensors has many features including ultrathin, customizability, better handling of objects, which lead it to be used in delicate medical applications. Fig, 1 shows the block diagram of the proposed system, where multiple of pressure sensors have been used. Since the pressure is continuous in nature, analog sensors-type are utilized. In Fig. 1 , the DAQ hardware and LabVIEW software are integrated to acquire sensors signals, analyze and process the desired measurement application. However, the sensors signals are often incompatible with the DAQ requirements due to noise and other undesirable distortions. To overcome this incompatibility, these signals are conditioned either using hardware or software before they are sent to the measurement hardware. Normally, the type of conditioning required depends on the sensors utilized. However, regardless of the types of sensors used, the proper signal conditioning equipment can improve the quality and performance of the system under investigation. An analog conditioning circuit has been designed to adjust the sensors signals to be aligned with the requirements of the subsequent system blocks and fulfil the aimed measurement needs.
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Robotic I-Iand ApplicEltianSi Moreover, LabVIEW includes a set of virtual instruments (VIs) to configure, acquire data from and send data to the DAQ device where the voltage data then sent to a computer for further processing. The VIs are defined as the combination of measurement and control hardware and application software with industry-standard computer technology to create user-defined instrumentation systems [10] . After the robotic hand begins to move to perform the desired task, the signals of force sensors send to the DAQ to be processed by LabVIEW and configured to distribute the pressure. Next, through the control unit which consists of a programmed PICI6F877A microcontroller and DC servo motor driver, the robotic hand receives the instructions to perform the desired action as required. This logical process ensures increasing the sensitivity and decreasing the noise and power through grasp mechanism.
II.
DATA ACQUISITION SYSTEM
In addition to sensors configuration and signal conditioning hardware, a typical DAQ system consists of plug-in DAQ device and LabVIEW application software. Lab VIEW is especially suitable for developing automated instrumentation systems using a selected DAQ. This configuration is effectively used for data acquiring, monitoring and controlling the complete measurement system. By understanding the functions of the various components of a DAQ system, it is possible to choose the best system to meet the desired investigation needs.
A. Data Acquisition Hardware
The purpose of DAQ is to automatically measure an importing electrical or physical phenomenon from instrument or circuit such as voltage, current, temperature, pressure, or sound using computer. PC-based DAQ uses a combination of modular hardware, application software, and a computer to take and manipulate measurements. The DAQ hardware used in this paper is NI USB-6009 multifunction 110 device, which interfaces to the PC through a USB connector. It has 8 differential analog voltage inputs (14-bit, 48 kS/s), 2 outputs (12-bit, 150 Sis), 12 channels which can be used as Digital 110, 32 bit counter and 14-bit resolution. This USB-based device was chosen for simplicity and it is one of the different types of DAQ devices that can be used. Another common interface is using PCI-slot DAQ cards. These cards can be plugged into PCI-slots on the computer's motherboard similar to sound cards and others [II] .
Lab VIEW (Laboratory Virtual Instrument Engineering Workbench) is a graphical programming language was first developed in 1986 by National Instruments, which is well suited for high-level or system-level design. The main advantage to Lab VIEW is the fact that it is a graphical programming language where the other text-based programming languages have no similar graphical diagram interface. It gives the flexibility and performance of a powerful programming language without the associated difficulty and complexity to automate applications [12] . Lab VIEW combines data acquisition, analysis and presentation tools into one software program allowing pre/post processing of acquired data where the data collection takes place instantaneously. LabVIEW is the industry standard for programming computer-controlled instruments. It is programming approach is based on building blocks called 81 Virtual Instruments (VIs). LabVIEW programs are called VIs because their appearance and operation imitate actual instruments, such as oscilloscopes and millimeters. Data acquisition, signal processing and analysis can be completed by virtual instrument based on programming the DAQ using LabVIEW and NI-DAQrnx driver software. DAQrnx has significantly simplified the programming of data acquisition hardware in LabVIEW and still preserving flexibility [13] . These hardware and software combination offer the possibilities of quickly acquire measurements from the utilized hardware, easily analyze data and present using custom user interfaces and reports.
Furthermore, the Lab VIEW application programs include the following components [13] 
III. F LEXI F oRCE S ENSOR
As sensor technology grows, there are many kinds of sensors that have been used for robotic hand applications. One of these sensors is a piezoresistive FlexiForce sensor which relies on the resistive method where the resistance is inversely proportional to applied force. These sensors emit signals within millivolts range, therefore an amplification is needed. Fig. 2 shows the piezoresistive FlexiForce sensor (0-25) lb/(llON) which being selected to be used in current work. According to the divers advantages of piezoresistive including (low cost, good sensitivity, relatively simple construction, long-term stability with low noise, enhances accuracy, reliability and linear responsively with applied pressure), those features make the measurements of the pressure distribution more accurate and reliable. Fig. 2 . Piezoresistive FlexiForce sensor [14] Besides the above features of FlexiForce sensor, there are other physical and performance properties as shown in Table  I , which is very important and taken into account for distributing the sensors in robotic hand. It can be seen that the active sensing area is (0.375in.) diameter circle at the end of the sensor. This is compatible with the finger of robotic hand and adequate for delicate applications such as medical type. Furthermore, the material type of sensor which is Polyester or Polymer, plays an important role due to its structure, which is unique characteristics with great flexibility. Consequently, it has become increasingly useful for various applications and manufacturing process. Operating Temperature 15°F -140°F (_9°C -60°C)
IV. EXPERIMENTAL RESULTS AND DISCUSSION
The entire proposed system set up was conducted in the university lab to build a real-time DAQ system as shown in Fig. 3 . The described hardware building blocks are to be brought together into a complete working system. These blocks combine the processes of measurements, automation and control. Signal processing and application control are the two major experiments activity aimed to be investigated. 82 
A. Signal Processing Analysis
From a blank VI in LabVIEW, a simple VI that acquires, analyses, and presents data through the DAQ was created as shown in Fig. 4 . The DAQ system uses data acquisition card which passes the analog electrical signals generated by sensors to LabVIEW for software analysis and data logging. The DAQ Assistant in LabVIEW is used to communicate with DAQ device. The input for this experiment is an analog channel of pressure distribution. The output includes graphs of the measured data and signal processing analysis, which include:
• Record the average value of the signal. 
Frequency Domain Analysis
The real-time signals do not provide sufficient information, because the signals spectra may overlap with noise [15] . For this reason a frequency transform of the signal is calculated. Frequency-domain analysis is a tool of great importance in signal processing and other applications. In many applications, knowing the frequency content of a signal provides insight into the system that generated the signal.
While time-domain analysis shows how a signal changes over time, frequency-domain analysis shows how the signal's energy is distributed over a range of frequencies. A frequency domain representation also includes information on the phase shift that must be applied to each frequency component in order to recover the original time signal with a combination of all the individual frequency components.
Lab VIEW has a block named spectral measurements which effectively transforms signal into frequency domain and returns magnitude and phase of frequency components of the signal by creating a graph illustrating the spectral components of sensors output waveforms. The utilized sensors work with any range of frequency and 1.3 MHz was the frequency from the amplifier within the designed conditioning circuit. Fig. 5 shows the frequency response and the corresponding phase response of the measured signals is shown in Fig. 6 . It can be seen that the frequency components are present in the real time signal and this makes it easy to compare the frequency range. The output frequency response is directly proportional to the applied weights. Also, the acquired signals shown to have different phase-responses and this could be due to unequal distributed pressure among the sensors during the robotic hand gripping action. 
Calibration
Calibration is a method used to find the relation between input and output related to the actual unit. In this experiment, the input is pressure and the output is voltage, thus; an adequate experimental calibration is completed using analog conditioning circuit as explained in the next section to extract the data. To calibrate, apply a known uniform weight to the sensing area of the FlexiForce sensor as shown in Fig. 7 . This process is repeated with different weights to get a wide range of measurement which is corresponding to our application requirements. After that, a linear interpolation between the pressure (lb) and voltage (V) is plotted as shown in Fig. 8 . This trend used as a reference to check the validity of pressure distribution trends for the four FlexiForce sensors. 
Analog Conditioning Circuit
The analog conditioning circuit is adapted in the present embodiment so as to eliminate the noise and amplify the voltage to send the signal to the DAQ as required where an increased accuracy and signal to noise ratio can be achieved. Thus, in this experiment, four FlexiForce sensors are used and connected to the amplifier LM324 and the output voltage is connected to the analog input of the DAQ as shown in Fig. 9 . Every sensor can be measured only one contact location and to overcome this limitation, four sensors are used to measure many contact points and evaluate all the signals and distribute the pressure as required.
As the input supply voltage of FlexiForce sensor is a negative drive voltage (Vt) to ensure that a high sensitivity occurred, the output voltage is connected to the inverting input of the op-amp in order to get a positive output voltage as shown in Fig. 10 . In addition, a suitable external feedback resistor Rf is connected from output op-amp to the inverting input to get a negative feedback which is very important to reduce and control the overall gain of the amplifier. As the positive, non-inverting input is not used, it is connected to a common ground or zero voltage terminal. As a result, a closed-loop inverting amplifier is configured and the output voltage can be determined as in (1). Where Rf is the feedback resistor, Rs is the internal variable resistor of FlexiForce sensor and Vt is the drive voltage provided to the input of the force sensor and should be negative and constant. From this equation, the sensitivity can be increased for measurement of lower forces by increasing the drive voltage or resistance of the feedback resistor.
•
Pressure Distribution Results
A flat solid object with different weights is grasped by the robotic hand. Every process produced four signals due to the number of FlexiForce sensors used. These analog signals are sent to the LAB VIEW through analog input DAQ to be processed. The response signal, minimum and maximum value, average value of every signal is presented. In addition, the arithmetic mean of the four signals is measured. Fig. 11 demonstrates the real-time output response of four signals when a flat sample object with 120g is gripped by robotic hand. The mean average value of all signals is shown in Fig.  12 as well. Additionally, the pressure per sensor and the total pressure are measured as shown in Fig. 13 . The graph shows the calibrated output of four pressure sensors over a series of loads. Every sets in the curve represents a gripping sample object over a series of weights using the existing robotic hand. It can be seen that the pressure is distributed to all sensors. Likewise, the equation of linear regression of the total pressure is being used for control part in order to distribute the pressure. This equation is acceptable enough compared with the ideal equation in Fig. 8 as there is a little change around (R2 = 0.0345). Eventually, the force and the weight of the object are calculated using the linear equation and sensor output. CONCLUSION AND FUTURE WORK PC-based instrumentation systems have advanced rapid technological changes in the computer industry to produce virtual instruments. These virtual instruments are becoming more advantageous for systems analysis and design applications. Currently, computers equipped with suitable interface circuits, data acquisition systems and software, can give a visual look to various physical quantities, and can process the acquired data. Using DAQ hardware with virtual instrumentation interface by Lab VIEW software is an experimental investigation undertaken in this paper to present 85 the measurements of pressure distribution for a robotic hand control applied specifically in medical applications. Real-time data acquisition, signal processing analysis and presentation tools are combined into one software program for achieving an automated data acquisition and monitoring process. Also, LabVIEW with graphical programming user-friendly interface capability interacted with the described physical instruments to instantly configure measurements and automate applications where the acquisition of real signals was straightforward and efficient.
An excitation analog conditioning circuit has been utilized for data calibration as well. The experimental results obtained show that the aimed pressure distribution was successfully calculated. Modification the sensors and their configuration, using multi-finger robotic hand are recommended to be done as a future work.
